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The tyrosinc phenol yase (EC 4.1.99.1) from Cirrohucter itmwtrcllitts has been crystalliscd in the apo form by vapour diffusion. The spttcc group 
is P1,2,2. The unit cell has dimensions a = 76.0 A. b = 138.3 A,c = 93.5 A and it contains two subunits of the tetrnmeric molecule in the asymmetric 
unit, Diffraction data for the native enzyme and two hcuvy utom derivatives have been collected with synchrotron radialion and an inxage plate 
scanner. The structure has been solved at 2.7 A resolution by isomorphous roplaccmcnt with subsequent moditication of the phases by avcraginy 
the density around the non-crystallographic symmetry axis. The electron density mups clcurly show the rclativc orientution of the subunits a11d 
most of the tritcc of the polypcptide chain. Exh subunit consists of two domains. The topology of the large domuin appears to be similar to that 
of the aminotrunsferascs. 
Tyrosine phenol lyase: X-ray unalysis: Polypcpiidc clrvin fold: Bacteriul 
1. INTRODUCTION 
The different types of modification of amino acids 
performed by pyridoxal-5’-phosphate (pyridoxal-P)- 
containing enzymes (including ttdnsamination, elimina- 
tion, decarboxylation and racemisation) have a number 
of features in common which relate to the mode of 
binding of coenzyme and substrate molecules and acti- 
vation of the substrate-enzyme complex. A compara- 
tive analysis of the structures of pyridoxal-P-dependent 
enzymes hould provide a better understanding of the 
relationship between structure and function and show 
any evolutionary relationship between these enzymes. 
To date three-dimensional structures for representa- 
tives of three pyridoxal-P-dependent enzymes have been 
determined, namely a number of aminottansferases 
from different sources (full references are given in [I]). 
tryptophan synthase [2]. of which thepi-dimer catalyses 
the ,&replacement reaction, and muscle phosphorylase 
[3]. Muscle phosphorylase, which clearly is not involved 
in amino acid metabolism, is not further discussed in 
this paper. 
Tyrosine phenol lyase (TPL) belongs to the group of 
Ahhwviu~ktrrx pyridoxal-P. pyridoxal-5’-phosphate: AspAT, aspnr- 
tate aminotransfcrase; TPL, tyrosinc phenol ynse. 
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P-eliminating lyases. The enzyme catalyses the transfor- 
mation of L-tyrosine to pyruvate, phenol and ammonia 
[4] and the side transamination reaction [5]. TPL has a 
molecular weight of about 200 kDa and consists of four 
identical subunits [a]. Sherman et al. [7] have performed 
an electron microscopy study of tubular crystals of the 
enzyme and built a three-dimensional model at 25 A 
resolution. Previously we reported the crystallisation 
and preliminary crystallographic data for TPL [8]. Re- 
cently new conditions have been found giving crystals 
which diffract to higher resolution. The crystallisation, 
preparation of heavy atom derivatives and solution of 
the structure at 2.7 8, resolution is described here for 
these new crystals. A preliminary comparison of the 
structure with that of other pyridoxal-P-dependent en- 
zymes is presented. 
2. MATERIALS AND METHODS 
A solution of apo TPL was divlyscd at 20 m@ml against 0.1 M 
potassium phosphttte, pH 7.0. with I M (NH&SO+ Crystcls wet-c 
obtained by vapour diffusion against it reservoir containing 0.1 M 
potassium phosphutc. pH G.O. with I M (NH&SO.,. To prepare heavy 
atom derivatives crystals were first transltrrcd to u I M solution of 
MaSO, in 0. I M MES-KOH buffer. al-i 6.0. The uranium dcrivativc 
1 . . 
was prcparcd by soaking crystals in the same solution containing, in 
addition. 0.5 mM UO$O, for 4 days. For the preparation of the 
mercury derivative crystals were placed in the stabilizing solution whh 
the addition 01’0.3 mM C2HlrHgHIP0, for 4 h. 
Diffraction data for the native enzyme and heavy atom derivatives 
wcrc collcctcd, in each case from a single cryslal. using synchroton 
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radiahon of wuvclcngth in 0.96 A at 111~ EM BL XI I beam lint al the 
DORIS storngc ring, DESY. Hamburg, The ronnion method [9] was 
used with an image plalc Scanner (J. Hcndrix and A. Lemfcr, unpub- 
lished result) as the detector. Images wcrc proccsscd using u modified 
version or Ihc MOSFLM program package [IO]. Details of the data 
collcclion will bc published later. 
Hcuvy alom binding sites for the uranium derivative were deter- 
mined from the diffcrcncc Patterson synthesis. The mercury derivative 
was imcrprclcd from tbc dil’rcrencc Fourier synthesis using phases 
rrom Blc unulium derivative. To improve the phases Bricognc’s 
mcUlod of molecular averaging [I I] was used with 6 cycles of cornbi- 
nution of the isomorphous and calculated phases. followed by 4 cycles 
ol’celculation with ui, wcightcd 1121 2F,,h-F,,I, uumlhudcs and ~lcu- 
kncd phases. The poshion of the non-crystallographic symmetry axis 
was dclcrmined rrom ihe self-rotation function and analysis or the 
coordinalcs ofthc heavy atom binding sites. For model building. the 
program FRODO [l3] running on an Evans and Sulhcrkdnd PS330 
interactive graphics snnion wus used. Pan or the model was built by 
the TEK_FRODO program [l4]. For rcli:icnlsnt of mc model lhc 
rcstroined Icast-squares minimisation proprum of’ Kunncn and Hcn- 
drickson was used [IS]. All computations wcrc pcrl’ormcd using the 
CCP4 program package [l6]. 
3. RESULTS 
With the conditions described above ci,ystals ap- 
peared after 2 weeks and grew to maximum dimensions 
of 1 .O x 1,3 x I .3 mm> after 6-7 weeks. Precession 
photographs allowed the space group to be identified as 
P2,2,2, the same as for crystallisation at constant pH 
[8], but with slightly different cell parameters which 
were now a = 76.0 A. b = 138.3 A, c = 93,5 A. The 
crystals diffract to 2.3 A resolution. There are two sub- 
Table I 
Summary of map averaging using non-eryslalJogrdphic symmclry 
Number or Initial Finiil Map averaged 
crclcs R-factor R-factor 
6 0.371 
4 0.240 
0.294 Fob: combined MIR and 
talc. phases 
0.203 0, wcighhtcd 2Fuh-FwL: 
ealc. phase 
A-hiclor = ,IF,,-&-~,L(IZF,,. F,,,,, is the obscrvcd snucturc factor 
ampliludc. r;,,, and talc. phar arc calculated from the averaged 
dcnshy amplitudes and phases. 6, is drfincd in [9]. 
units of the molecule, each with a molecular weight of 
about 50 kDa, per asymmetric unit of the crystal. giving 
a specific volume, Vhlr of 2.4 A’ per dalton. 
Diffraction data for the native crystal were measured 
to a resolution of 2.3 A. The data for the heavy atom 
derivatives were limited to 2.5 A for uranium and 3.6 
81 for mercury. The value of the merging R factors 
between equivalent measurement of the same reflection 
(RI (~l-~l>~/~)~lOO) for the native, uranium and mer- 
cury data were 5.8. 4.6 and 3.5%. respectively. 
The successful interpretation of the three-dimen- 
sional difference Patterson synthesis for the uranium 
derivative formed the starting point for the structtire 
determination. Uranium was bound at four sites, one 
pair related to the other pair by the noncrystallogra- 
phic symmetry. Nine mercury binding sites were found. 
Fig, I, Stereo view of the C, backbone of a tctramcr of tyrosinc phenol lyasc. 
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Fig. 2. Schematic representation or the domain nrchitecture: (a) in the 
&dimer or the a& molcculc ol‘tryptophan synthasc. nnd (b) in the 
dimcric a2 molecule of AspAT and TPL. Domainsarc shown ascircles 
and the pyridoxal-P molecules as black ICIISL’S. The molecular diuds 
(+) arc perpendicular to the picture. 
Heavy atom parameters were refined centric reflections 
only. The resulting Cullis R factor. R = 2 //FllH C F,,j - 
F,,l/~ l&H - F,,l, was 0.53 for the uranium and 0.69 for 
the mercury derivative. Phases for the protein were cal- 
culated at 2.7 A resolution combining the isomorphous 
and anomalous ignals with a resultant mean ligure of 
merit 0.66. 
The point of 222 symmetry of the tetrameric molecule 
lies at (0; 0.5; 0,777). One of the 2-fold axes is the 
crystallographic  axis. The two non-crystallographic 
2-fold axes make angles of 27” and 117” with the u axis 
of the unit cell. The statistics of the phase improvement 
by means of molecular averaging are shown in Table I, 
The resultant electron density map allowed the tracing 
of most of the polypeptide chain and the construction 
of a poly-alacine model in the first instance, When se- 
quence information became available (RS, Phillips and 
P. Gollnick, personal communication) the model was 
rebuilt to incorporate side chains and to correct parts 
of the main chain. The resulting model contained 85% 
of the protein atoms. The missing atoms correspond to 
4 loops extending into the solvent on the surface of the 
molecule. This model was subjected to 10 cycles of re- 
finement. and the R factor is currently 27.6% for data 
between 10.0 A and 2.7 A resolution. 
Fig. 3. Ten supcrimposcd sections of the electron density map showing the arranycmcnt of the domains in two subunits related by the cryslallo- 
graphic Z-Told axis. The crystallographic two-fold axis is at ~hc ccntre. perpendicular lo the plnnc of the figure. 
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Fig. 4. A ribbon model or the TPL subunil, The !argc domain is on 
the right and the small on the lclt or ~hc figure. Position ol’ the crysl;il- 
lographic Nold axis id marked. 
4. DISCUSSION 
The relative arrangement of the subunits in the tz, 
TPL tetramer is shown in Fig. 1, with the crystallogra- 
phic 2-fold axis vertical. There are fewer intersubunit 
contacts across the non-crystallographic 2-fold axis 
than across the crystallographic Z-fold axis. Thus the 
tetramer appears to, be built up of two dimers with 
weaker contacts than between the monomers in a dimer. 
Each polypeptide chain is folded into small and large 
domains. 
There are two different types of domain architecture 
found in pyridoxal-P-dependent enzymes up t.o now. 
One is that in the &dimer of the a&.tryptophan syn- 
thase complex [2], Fig. 2a. Each subuntt consists of two 
domains, almost equal to each other in size, labelled as 
N and C (N-terminal and C-terminal, respectively). The 
coenzyme molecule is located between two domains and 
the second subunit seems not to contribute to the active 
site of the first. The other type of architecture is that 
first found in the a2 molecule of mitochondrial aspartate 
aminotransferase [AspAT) [I 71, where the domains dif- 
fer in size. They are marked as L and S (large and small) 
in Fig. 2b. Here each active site of the dimeric molecule 
is composed of amino acid residues from both the large 
and small domains of one subunit and the large domain 
of the neighbouring subunit, and the pyridoxal-P moi- 
et:’ is !ocnted at t!Gs interface. 
Fig. 3 shows several superimposed sections of the 
TPL electron density map with indication of the bound- 
aries of the domains in the two subunits, related by a 
crysta!lographic ‘-fold axis. The domain architecture in 
a 
b 
Fig. 5. Topolopy diagrams of (a) TPL and (b) AspAT [ f6j subunits. 
The j-strands arc rcprcscnwd as squtircs and the a-heliccs as circles. 
The view is conlpdrdbk Lo that in Fig. 4. 
that dimer is clearly analogous to that in the AspAT 
molecule. Assuming that the coenzyme moiety is lo- 
cated in the hole between the large and the small do- 
mains, as in AspAT, then the active site in each subunit 
of TPL involves residues from the large domain of an- 
other subunit, symmetry-related bythe crystallographic 
a-fold axis. 
The ribbon model [18] of a single subunit of TPL is 
shown in Fig. 4. and the topology diagram vs. that of 
AspAT [19] in Fig. 5. Each subunit of the TPL molcculc 
can be divided into three parts: (i) a small domain which 
consists of the N- and C-terminal parts of the polypep 
tide chain (amino acids 20-48, 333-456); (ii) a large 
domain comprising the central part of the chain (amino 
acids 57-3!0): (iii) the two pieces of chain connecting 
the two domains. The core of the small domain is made 
up of a four-stranded antipanillel &sheet. Seven /3- 
strands form a B-sheet of mixed ;.ype in the core of the 
large domain. Almost all of the a-helices are located on 
the surface of the subunit. The connection from the 
large to the small domain includes a-helix 12, the long- 
est helix in TPL comprising 20 amino acids. 
The main differences between the structure of TPL 
and AspAT are in the small domains. In both proteins 
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the core of the large domain is formed by a B-sheet with 
,he same p-strand topology. The positions of the Q- 
helices around the p-sheet are also quite similar, The 
connection from the large to the small domain in both 
cases is formed by the longest a-helix in the structure. 
Thus, AspAT and TPL appear to have similar topology 
in the large domain and similar quaternary structures, 
different from that found in tryptophan synthase. De- 
tailed comparison and analysis of the TPL active site 
must await the refined high resolution structure of TPL. 
A full description of the structure analysis and refine- 
ment will be published later. 
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